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(57) ABSTRACT

A fabrication method of a liquid crystal panel is provided. A
first substrate and a liquid crystal material are heated to a first
fabrication temperature and a one drop filling (ODF) process
is performed to drop the heated liquid crystal material on the
first substrate, wherein the first fabrication temperature is
lower than 70° C. The first substrate is assembled to a second
substrate through a sealant under a second fabrication tem-
perature so that the liquid crystal material is sandwiched
between the first substrate and the second substrate and
located inside a region surrounded by the sealant, wherein the
second fabrication temperature is 50° C. to 70° C. Subse-
quently, the sealant is solidified.

17 Claims, 3 Drawing Sheets
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FABRICATION METHOD OF A LIQUID
CRYSTAL PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 100148581, filed on Dec. 23,2011. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates generally to a fabrication method of a
panel, and particularly to a fabrication method of a liquid
crystal panel.

2. Description of Related Art

A liquid crystal display having the characteristics of small
volume, light weight, low driving voltage, low power con-
sumption, convenience in carrying, and the like is becoming
amainstreamed display device of a portable electronic device
and an essential daily-used appliance in people’s life. Among
the known fabrication methods of the liquid crystal panel, a
one drop filling (ODF) process is provided for satisfying the
requirement for the mass production of the large size liquid
crystal panel. Such process is achieved by filling the flowable
liquid crystal material in the panel through “dropping”. The
amount of the liquid crystal material can be properly con-
trolled in the ODF process to save the cost of the liquid crystal
material and significantly reduce the spent time for filling the
liquid crystal material. Overall, the ODF process is greatly
conducive to improve the fabrication efficiency of the liquid
crystal panel.

SUMMARY OF THE INVENTION

The invention provides a fabrication method of a liquid
crystal panel having high fabrication efficiency and rendering
the made liquid crystal panel with desirable quality.

The invention is directed to a fabrication method of a liquid
crystal panel. A first substrate and a liquid crystal material are
heated to a first fabrication temperature and a one drop filling
process is simultaneously performed to drop the heated liquid
crystal material on the heated first substrate, wherein the first
fabrication temperature is smaller than 70° C. The first sub-
strate is assembled with a second substrate through a sealant
under a second fabrication temperature, so that the liquid
crystal material is sandwiched between the first substrate and
the second substrate and located in a region surrounded by the
sealant, wherein the second fabrication temperature is 25° C.
to 70° C. Subsequently, the sealant is solidified.

According to an embodiment of the invention, the first
fabrication temperature is not less than a blue phase point of
the liquid crystal material.

According to an embodiment of the invention, the first
fabrication temperature is 25° C. to 70° C.

According to an embodiment of the invention, the second
fabrication temperature is not less than an isotropic point of
the liquid crystal material.

According to an embodiment of the invention, the second
fabrication temperature is 50° C. to 70° C. while an operation
temperature is identical to the above first fabrication tempera-
ture.

According to an embodiment of the invention, a viscosity
of the liquid crystal material is greater than 50 cps.

According to an embodiment of the invention, a viscosity
of the liquid crystal material is 700 cps to 1200 cps.
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According to an embodiment of the invention, the method
of solidifying the sealant includes a photo-curing process, a
thermal-curing process, or a combination thereof.

According to an embodiment of the invention, the method
of assembling the first substrate and the second substrate
under the second fabrication temperature includes assem-
bling the first substrate and the second substrate in a chamber
and simultaneously heating the chamber to the second fabri-
cation temperature.

According to an embodiment of the invention, the first
substrate is an active device array substrate, a color filter
substrate, a substrate with a color filter on an active device
array, or an electrode substrate.

According to an embodiment of the invention, the second
substrate is an active device array substrate, a color filter
substrate, a substrate with a color filter on an active device
array, or an electrode substrate.

According to another embodiment of the present invention,
an irradiation process is further performed on the liquid crys-
tal material after solidifying the sealant.

According to an embodiment of the invention, a plurality of
spacer are sprayed on the first substrate before performing the
one drop filling process so that the spacers are located within
the region surrounded by the sealant after assembling the first
substrate and the second substrate.

In view of the above, the ODF process is adopted in the
invention for fabricating the liquid crystal panel, wherein the
substrate and the liquid crystal material are heated during the
fabrication so that the components in the liquid crystal mate-
rial are evenly mixed to fabricate the liquid crystal panel with
desirable quality.

In order to make the aforementioned and other features and
advantages of the invention more comprehensible, embodi-
ments accompanying figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide fur-
ther understanding, and are incorporated in and constitute a
part of this specification. The drawings illustrate exemplary
embodiments and, together with the description, serve to
explain the principles of the invention.

FIG. 1A to FIG. 1E are schematic views illustrating a
process of fabricating a liquid crystal panel according to an
embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

The compositions of a blue phase liquid crystal (L.C) usu-
ally include a host L.C, a chiral dopant, and a polymeric
monomer. That is to say, the blue phase L.C is substantially a
composite liquid crystal material containing polymeric
monomers and non-polymeric materials. The blue phase LC
has the characteristics such as fast response and optical isot-
ropy and thus is becoming concerned. Nevertheless, owing
that the blue phase LC is composed of a plurality of materials,
the composite LC can not have the blue phase characteristics
if the plurality of materials are not properly dissolved with
one another (not evenly mixed). Accordingly, during fabri-
cating the liquid crystal panel with such liquid crystal mate-
rial, the compositions contained therein are required to be
properly dissolved with one another. It is noted that the com-
positions contained in the liquid crystal materials other than
the blue phase L.C are also required to be properly dissolved
with one another during fabricating the liquid crystal panel so
that the liquid crystal panel can have satisfactory quality.
Therefore, the fabrication method of the liquid crystal panel
in the following embodiment is provided for keeping the
liquid crystal materials in an even manner during the fabrica-
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tion of the liquid crystal panel no matter the blue phase L.C is
adopted or not. That is, the fabrication method in the follow-
ing descriptions does not limit to the application of the blue
phase LC material.

FIG. 1A to FIG. 1E are schematic views illustrating a
process of fabricating a liquid crystal panel according to an
embodiment of the invention. Referring to FIG. 1A, the fab-
rication method according to the present embodiment
includes, for example, providing a first substrate 110, wherein
the first substrate 110 can be formed with an active device
array, a color filter array, an electrode layer, or a combination
thereof. Namely, the first substrate 110 can be an active device
array substrate, a color filter substrate, a substrate with a color
filter on an active device array, or an electrode substrate.
Alternately, a plurality of spacers 115 can be selectively
sprayed on the first substrate 110, or the spacers 115 can be
formed on the first substrate 110 simultaneously with the
fabrication of the active device array, the color filter, the
electrode layer, or the like. Herein, the spacers 115 can be a
plurality of glass balls or other structures formed by photo-
resist materials or other materials.

Next, referring to FIG. 1B, an ODF process is performed
for dropping a liquid crystal material 120 on the first substrate
110. In the step, the first substrate 110 and the liquid crystal
material 120 are both heated to a first fabrication temperature,
wherein the first fabrication temperature can be less than
about 70° C. Accordingly, the step depicted in FIG. 1B shows
that the heated liquid crystal material 120 is dropped on the
heated first substrate 110. At this time, the temperature of the
first substrate 110 and the temperature of the liquid crystal
material 120 are maintained at the level greater than the room
temperature and less than about 70° C., in which the room
temperature is usually located at about 23° C. to 25° C., but is
not limited thereto.

In detail, the process of heating the first substrate 110 can
include placing the first substrate 110 on a holder (not shown)
and heating the first substrate 110 through the holder. Alter-
natively, the step of heating the first substrate 100 can include
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performing the ODF process in a chamber and heating the
chamber for increasing the temperature of the first substrate
110. The step of heating the liquid crystal material 120 can
include placing the liquid crystal material 120 in a tank (not
shown) of the dropping apparatus and heating the tank. Cer-
tainly, the above-mentioned heating steps are merely exem-
plary provided and should not be construed as limitations to
this invention. In other embodiments, the first substrate 110
and the liquid crystal material 120 can be heated to the pre-
determined temperature or to the temperature higher than the
room temperature by using other suitable methods.

In this embodiment, the liquid crystal material 120, for
example, can be a blue phase liquid crystal material. The blue
phase liquid crystal material has particular physical charac-
teristics and is composed of a plurality of compositions, and
therefore, the step of heating the liquid crystal material 120 as
depicted in FIG. 1B is conducive to improve the fabrication
yield rate of dropping the liquid crystal material 120 on the
first substrate 110. For instance, the first fabrication tempera-
ture is not less than a blue phase point of the liquid crystal
material 120, and thus the compositions contained in the
liquid crystal material 120 can be evenly mixed to maintain in
the blue phase state during the ODF process. In other words,
by means of heating, the compositions contained in the liquid
crystal material 120 are not easily dissociated.

It is noted that the compositions of the liquid crystal mate-
rial 120 can include the reactive mesogen (RM), the photo
initiator, the host LC, the chiral dopant, and the like. The blue
phase point of the liquid crystal material 120 can be varied
with the changes of the amount or the type of such molecules.
Accordingly, the first fabrication temperature for performing
the ODF process can be determined based on the blue phase
point of the liquid crystal material 120. Table 1 schematically
shows the compositions and the blue phase point of the liquid
crystal material 120 in several samples, for example. It is
noted that the type specifications and the values represented
in table 1 are merely taken as examples and are by no means
to be construed as the limitation of the invention.

TABLE 1

Mole Ratio (%) Sample 1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 Sample8
RM RM 257 2.8 2.52 2.8 2.6 2.63 2.71 2.63 2.67

EHA 3.79 3.89 391 3.94

TMPTA 3.87 4.01 393 3.96
Photo-initiator DMPAP 0.34 0.32 0.53 0.73 0.49 0.34 0.52 0.54
reagent
Host LC JC1041XX 43.84 45.66 44.94 44.74 45.73 45.63 45.76 45.57

5CB 44.14 42.74 43.24 43.03 444 44.84 44.68 44.66
Chiral Dopant  IS-1 4.89 4.87

IS-2 4.89 4.89

ID-1 245 245

ID-2 245 245
Blue Phase 28.1-23.9 28.3-25.0 39.8-32.5 34.5-274 42.2-32.8 61.2-31.8 48.8-40.3 39.5-30.9
Point (° C.)

In the above listed RM, the molecule structure of RM 257
is:

e}
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The molecule structure of HEA is:

L

The molecule structure of TMPTA (trimethylolpropane

triacrylate) is:
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In the Host L.C, the compounds having the molecule struc-
tures as shown below are contained in JC 1041XX:

F
10
F
C3H- F
F
20
CsHyy F

55  Inthe above listed Host LC, the molecule structure of SCB
is:

The molecule structure of the photo initiator DMP AP is:

OMe
MeO.

O 0

In the above listed chiral dopant, the molecule structure of
IS-1 1s:
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The molecule structure of IS-2 is:
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The molecule structure of ID-1 is:
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The molecule structure of ID-2 is:
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It is shown in the table 1 that the blue phase point of the
liquid crystal material 120 can be varied with the composi-
tions and thus the first fabrication temperature can be located
within the above blue phase points, such as greater than about
25°C.

In addition, the liquid crystal material 120 and the first
substrate 110 are both heated to a temperature greater than the
blue phase point. Hence, a temperature decrease is not
occurred on the instant the liquid crystal material 120 is in
contact with the first substrate 110, which prevents from the
drop mura effect. Furthermore, the viscosity of the liquid
crystal material 120 at the blue phase point is generally
greater than about 50 cps, and even about 700 cps to about
1200 cps. Nevertheless, the nematic liquid crystal material
and the vertical liquid crystal material have the viscosity of
merely about 20 cps to about 40 cps. The viscosity of the
liquid crystal material 120 is obviously increased at the blue
phase point. Therefore, by increasing the temperature of the
first substrate 110 and the liquid crystal material 120 to the
level greater than the blue phase point of the liquid crystal
material 120 during the ODF process, the liquid crystal mate-
rial 120 can be prevented from rapidly spraying after drop-
ping on the first substrate 110.

Thereafter, referring to FIG. 1C, the first substrate 110 is
assembled with a second substrate 130 through a sealant 140
under a second fabrication temperature, so that the liquid
crystal material 120 is sandwiched between the first substrate
110 and the second substrate 130 and located in a region
surrounded by the sealant 140. The second fabrication tem-
perature can, for example, be about 25° C. to about 70° C., or
about 50° C. to about 70° C. Accordingly, the assembling of

40

45

OCgH,3

OCgH,3

the first substrate 110 and the second substrate 120 is per-
formed under the second fabrication temperature in the
present embodiment.

Herein, the second substrate 130 can be formed with an
active device array, a color filer array, an electrode layer, or a
combination thereof. Namely, the second substrate 130 can
be an active device array substrate, a color filter substrate, a
substrate with a color filter on an active device array, or an
electrode substrate. In specific, the combination of the first
substrate 110 and the second substrate 130 can be a combi-
nation of the active device array substrate and the electrode
substrate, a combination of the substrate with the color filter
on the active device array and the electrode substrate, or the
like.

In the present embodiment, the liquid crystal material 120
having high viscosity is not easily sprayed out during the
ODF process. Therefore, the sealant 140 can be fabricated on
the second substrate 130 before connecting the first substrate
110 with the second substrate 130 according to the present
embodiment. As such, the sealant 140 can be selectively
omitted from being disposed on the first substrate 110 during
performing the ODF process. It is for sure that the invention
should not be construed as limited to the embodiment
described above. When the nematic liquid crystal material
and the vertical liquid crystal material having low viscosity is
applied to the fabrication method provided in the disclosure,
the sealant 140 is already formed on the first substrate 110
while the ODF process is performed. Consequently, the seal-
ant 140 can be optionally formed on one of the first substrate
110 and the second substrate 130.
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In general, the process of assembling the first substrate 110
with the second substrate 130 is performed in a vacuum
chamber (not shown). Accordingly, the chamber can be
heated to the second fabrication temperature in the present
embodiment so that the assembling of the first substrate 110
and the second substrate 130 can be performed under the
second fabrication temperature. As a result, the heated liquid
crystal molecule 120 has suitable mobility for being evenly
distributed between the first substrate 110 and the second
substrate 130. In addition, the liquid crystal material 120 can
be completely filled within the region surrounded by the
sealant 140 by the squeezing of the first substrate 110 and the
second substrate 130 in the assembling process. The spacers
115 located inside the region surrounded by the sealant 140
can lean against between the first substrate 110 and the second
substrate 130 so that the cell gap formed between the first
substrate 110 and the second substrate 130 can be properly
maintained.

In the present embodiment, the compositions contained in
the heated liquid crystal material 120 can be mixed well to
provide the required blue phase characteristic. The second
fabrication temperature adopted in the present embodiment
can be optionally greater than the isotropic point of the liquid
crystal material 120 so that the compositions of the liquid
crystal material 120 can be mixed well during the assembling
process. It is noted that the isotropic point of the liquid crystal
material 120 is varied with the change of the compositions,
and thus the second fabrication temperature adopted in the
assembling process can be determined based on the isotropic
point of the liquid crystal material 120.

Afterward, referring to FIG. 1D, the sealant 140 is solidi-
fied. The soliditying of the sealant 140 can include providing
an energy source E to irradiate on the sealant 140 through a
mask M so that the energy provided the energy source E can
solidity the sealant 140. Certainly, the selection of the energy
source E is related to the material of the sealant 140. A
photo-curing process can be selected to solidify the sealant
140 when the sealant 140 has the photo-curable characteris-
tic, i.e. the energy E can provide the light such as an ultra-
violet (UV) light. A thermal-curing process can be selected to
solidity the sealant 140 when the sealant 140 has the thermal-
curable characteristic, i.e. the energy E can provide the heat.
However, the invention does not preclude the method of
solidified the sealant 140 by performing both the photo-cur-
ing process and the thermal-curing process. In one embodi-
ment, the method of solidifying the sealant 140 can include
performing the photo-curing process following by the ther-
mal-curing process or performing the thermal-curing process
following by the photo-curing process.

Herein, the energy sources E irradiates on the sealant 140
through the mask M for solidifying the sealant 140 so that the
liquid crystal material 120 can be prevented from the deterio-
ration owing to the irradiation of the energy source E. In other
embodiments, the energy source E can directly irradiate on
the device without shielding by the mask M when the liquid
crystal material 120 is not deteriorated by the irradiation of
the energy source E.

Subsequently, for curing the liquid crystal material 120
with the required characteristics, an irradiating process is
performed as shown in FIG. 1E, wherein the light [ irradiates
on the liquid crystal material 120 so that the compositions
contained in the liquid crystal material 120 reacts for forming
the liquid crystal panel 100. The energy (such as the wave-
length and the intensity) of the light L. can be decided based on
the liquid crystal material 120 and thus the light [ can be the
UV light, or the light having the required energy for inducing
the photoreaction of the liquid crystal material 120. The step
of irradiating the liquid crystal material 120 is taken as an
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example and can be omitted when the liquid crystal material
120 has the needed characteristics without performing the
photoreaction.

In light of the foregoing, the liquid crystal material can be
mixed well during the fabrication method so that the liquid
crystal material can have the satisfactory blue phase charac-
teristics. The liquid crystal panel can have rapid response by
the liquid crystal material with the blue phase characteristic.
Furthermore, the liquid crystal material can properly flow
during the assembling process of the liquid crystal panel so
that the liquid crystal material can be evenly distributed
between the first substrate and the second substrate, which
facilitates to enhance the quality of the liquid crystal panel.
The liquid crystal material has certain viscosity during drop-
ping on the first substrate and is not sprayed out rapidly so that
the sealant can be selectively fabricated on one of the first
substrate and the second substrate, which conduces to
improve the variety of the fabrication method of the liquid
crystal panel.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of the
invention. In view of the foregoing, it is intended that the
invention cover modifications and variations of this invention
provided they fall within the scope of the following claims
and their equivalents.

What is claimed is:

1. A fabrication method of a liquid crystal panel, compris-
ing:

heating a first substrate and a blue phase liquid crystal

material to a first fabrication temperature and simulta-
neously performing a one drop filling process to drop the
heated blue phase liquid crystal material on the heated
first substrate, wherein the first fabrication temperature
is not lower than a blue phase point of the blue phase
liquid crystal material and is smaller than about 70° C.
such that the compositions contained in the blue phase
liquid crystal material are maintained in a blue phase
state during the one drop filling process;

assembling the first substrate with a second substrate

through a sealant under a second fabrication tempera-
ture, so that the liquid crystal material is sandwiched
between the first substrate and the second substrate and
located in a region surrounded by the sealant, wherein
the second fabrication temperature is about 25° C. to
about 70° C.; and

solidifying the sealant.

2. The fabrication method as claimed in claim 1, wherein
the second fabrication temperature is not lower than an iso-
tropic point of the liquid crystal material.

3. The fabrication method as claimed in claim 1, wherein
the second fabrication temperature is about 50° C. to about
70° C.

4. The fabrication method as claimed in claim 1, wherein a
viscosity of the liquid crystal material is greater than about 50
cps.

5. The fabrication method as claimed in claim 1, wherein a
viscosity of the liquid crystal material is about 700 cps to
about 1200 cps.

6. The fabrication method as claimed in claim 1, wherein
the step of solidifying the sealant comprises a photo-curing
process, a thermal-curing process, or a combination thereof.

7. The fabrication method as claimed in claim 1, wherein
the step of assembling the first substrate and the second sub-
strate under the second fabrication temperature comprises
assembling the first substrate and the second substrate in a
chamber and simultaneously heating the chamber to the sec-
ond fabrication temperature.
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8. The fabrication method as claimed in claim 1, wherein
the first substrate is an active device array substrate, a color
filter substrate, a substrate with a color filter on an active
device array, or an electrode substrate.

9. The fabrication method as claimed in claim 1, wherein
the second substrate is an active device array substrate, a color
filter substrate, a substrate with a color filter on an active
device array, or an electrode substrate.

10. The fabrication method as claimed in claim 1, further
comprising performing a light irradiation process on the lig-
uid crystal material after the step of solidifying the sealant.

11. The fabrication method as claimed in claim 1, further
comprising spraying a plurality of spacer on the first substrate
before the step of performing the one drop filling process so
that the spacers are located within the region surrounded by
the sealant after the step of assembling the first substrate and
the second substrate.

12. A fabrication method of a liquid crystal panel, compris-
ing:

heating a first substrate and a blue phase liquid crystal

material to a first fabrication temperature and simulta-
neously performing a one drop filling process to drop the
heated blue phase liquid crystal material on the heated
first substrate, wherein the first fabrication temperature
is not lower than a blue phase point of the blue phase
liquid crystal material and is smaller than about 70° C.
such that the compositions contained in the blue phase
liquid crystal material are maintained in a blue phase
state during the one drop filling process;

assembling the first substrate with a second substrate

through a sealant under a second fabrication tempera-
ture, so that the liquid crystal material is sandwiched
between the first substrate and the second substrate and
located in a region surrounded by the sealant, wherein
the first substrate and the second substrate are assembled
in a chamber while the chamber is being heated simul-
taneously to the second fabrication temperature, which
is about 25° C. to about 70° C.; and

solidifying the sealant.

13. A fabrication method of a liquid crystal panel, compris-
ing:

(a) heating a first substrate and a blue phase liquid crystal

material to a first fabrication temperature and simulta-
neously performing a one drop filling process to drop the
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heated blue phase liquid crystal material on the heated
first substrate, wherein the first fabrication temperature
is smaller than about 70° C. and greater than a room
temperature, and wherein the first fabrication tempera-
ture is not less than a blue phase point of the blue phase
liquid crystal material so that compositions contained in
the blue phase liquid crystal material are maintained in a
blue phase state during the one drop filling process and
atemperature decrease is not occurred on the instant the
blue phase liquid crystal material is in contact with the
first substrate thereby the compositions are not dissoci-
ated;

(b) after the step (a), assembling the first substrate with a
second substrate through a sealant under a second fab-
rication temperature, so that the blue phase liquid crystal
material is sandwiched between the first substrate and
the second substrate and located in a region surrounded
by the sealant and the blue phase liquid crystal material
is distributed therebetween, wherein the second fabrica-
tion temperature is about 25° C. to about 70° C. and the
second fabrication temperature is greater than an isotro-
pic point of the blue phase liquid crystal material so that
the compositions of the blue phase liquid crystal mate-
rial are mixed; and

(c) solidifying the sealant.

14. The fabrication method as claimed in claim 13, wherein
the first fabrication temperature is not lower than a blue phase
point of the liquid crystal material.

15. The fabrication method as claimed in claim 13, wherein
the first fabrication temperature is about 25° C. to about 70°
C.

16. The fabrication method as claimed in claim 13, wherein
the second fabrication temperature is not lower than an iso-
tropic point of the liquid crystal material.

17. The fabrication method as claimed in claim 13, wherein
the step of assembling the first substrate and the second sub-
strate under the second fabrication temperature comprises
assembling the first substrate and the second substrate in a
chamber and simultaneously heating the chamber to the sec-
ond fabrication temperature.
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